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55/. 5 6  9 : .W'* s73 SECTION II.-GENERAL METEOROLOGY. 
PBEDICTING MINIMUM TEMPEBATUBES.' 

By J. WARREN SMITH, Meteorologist in charge. 

[Division of Agricultural Meteorology, Weather Bure~u, July 2,1911.1 

With the development of orchard-heating methods and 
the protection of general fruit and garden crops froni 
damage by frosts or low temperatures by heating, cover- 
ing, or flooding, it becomes increasingly important that 
close predictions be made of the lowest temperatures that 
will probabl be e s  erienced in the immediate vicinity 
of the fruit uds or lossoms and arden truck. 

The general redictions of light, ieav , or killing frosts 

inforniation is beiw 
for considerab P e areas are now accurat kq y made from the 

Bureau and made ,0002 
During the critical period 

and of early truck and garden 
crops, however, the men who are prepared to protect br 
heatin or flooding wish a more definlte statement of the 

mation can reach them only a few hours in advance of 
ita occurrence. This is particularly true in protectinv 
cranberries by flooding because in order to properly flooa 
the bogs the gates must be opened from two to six hours 
before the expected temperatures occur. 

In an attempt to meet this demand for niiniinum tem- 
perature forecasts the writer, while in Ohio, made special 
use of two factors in making predictions in the evening 
for the minimum temperature on the following mornin 

for use on com aratively clear and still nights where there 

tions in topogra hy. On cloudy or stormy nights or 

ture forecasts can be made only by a study of the daily 
weather maps. 

probab 9 e minimuni temperature, even though the infor- 

and has since developed a third method. These are 3 
are wide loca P differences in temperature due to varia- 

when strong win P s prevail, accurate minimum tempera- 

PREDICTING MINIMUM TEMPERATURES OX CLEAR, STILI. 
NIGHTS. 

(1) Predicting minimum temperatures by the usual or 
average .fall in temperature on clear, still nfternoons a.iu.luE. 
evenings after the numimuin tein emture qf the d q  SR 

one day to the minimum of the next morning is reatest 

so-called thermal belt or the stratum of warmest air of the 
temperature inversion that forms in valleys by the close 
of everyclear,still night. It varies with different months, 
but is remarkably. uniform under similar topographic 
conditions and at similar seasons of the year. 
(2) Predicting the minimum tern rature from the 

plained in the MONTHLY WEATHER REVIEW, October, 
1914, 42:581 and 582. In brief, i t  is based on the fact 
that the halfway temperature from the maximum of one 
day to the minimum of the following morning in com- 

arativel still and clear weather occurs at about the same 
gour eat% evening. At Delaware, Ohio, during May, 
1913, the average hour a t  which the halfway tempera- 
ture occurred was 7:36 p. m.; and in May, 1914, it was 
7:35 p. m. The earliest hour on any day in either of 
the two months was 7:15 p. m., and the latest was 7:50 

known.-T'he temperature range P rom the maximum of 

in the valleys and least on tlie hillsides at  the leve s of the 

median-temperature hour.-This met r od was fully ex- 

1 A Wit historical note by Prof. C. F. Mwvh, appears at the end of this communlcs- 
Urn. 
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p. m. This shows that a t  no time was the median- 
tem erature hour more than 20 minutes from the aver- 

In  d e t e h n g  the median-temperaturs hour it is 
necessary to keep a thermograph in o eration for a t  
least two years and to have the time factor carefully 
marked and the extreme records checked by means of 
accurate maximum and minimum thermometers. After 
the median-temperature hour has been determined, it is 
only necessary to read the temperaturo a t  this hour, 
subtract it from the maximum temperature of the day 
and then subtract this difference from the temperature 
prevailing a t  this hour. For example: if the highest 
tem erature durino the day is 6S'F. and a t  7 :36 p. ni., it 
has ? allen to 50°, tEe difference, or 18 degrees, subtracted 
from 50' leaves 32' as the minimum temperature during 
the coming night. The average time of this .median 
temperature, even under conditions of clear shes and 
still air, will vary slightly a t  different seasons of the 
year and in different localities. 

In  central Ohio, outside of the cities, the average time 
of the eveilin median will be at about 7:15 in A ril; 

it is about 7:30 p. m. and in August 7 p. ni. So far as we 
are able to determine it is not far from 6:30 . m. in 
December; and 7 p. m. in January, February, anXMarch, 
although our observations and studiesaare not very com- 
plete in the winter months. 

If a stron wind is blowing in the afternoon or if it 

. yen .  If it should 
clears off, the time of t e median will. be from 30 to 45 
minutes later than the average above 
cloud up during the night after a c ear afternoon and 
evening, the minimum wdl not be as low as indicated by 
the median. Records that are at hand indicate that the 

age I; or the two. successive years. 

. m. i n s a y  and June; 6 3 0  m. in Septem i er; 
7:30 and c P ose to 6 p. m. in October and R ovember. In  July 

remains clou % y or part1 cloudy until evening and then z 

fruit-frost work in Ohio in 1914 i t  was found that at  itrt 

still nights was nlways lower t h n  the dewpoint of the 
evening before, and in some cases it  was more tlian 20 
degrees lower; a t  other stations the minimum viiried 
from 10 degrees lower to 10 or more degrees higher t.han 
the evening dewpoint. 

Iu the spring of 1915 mi eaniest efhrt W:LY made to 
ascertain, if ossible, under just wlint ccoiiditions of the 

be anticipated. To nocomplish this, ohsen-aticins were 
made nt 12 different points in Ohio 'hotli mornilig and 
evening. The observations were made hctween 5 niid 7 
a. m. and 5 and i p. m. and covered the maximum ailid 
minimum temperatures, dry- and wet-bulb temperatures, 
wind direction and approximate velocity, rainfall, and 

of the fruit statiolis the minimum temperature on c: Y ew, 

atmosphere t P lese variiitions owurred so thct they might 
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When evening relati~e humidlty is- 

Below 40 per cent ......................... 
From 40 per cent to 50 per cent. ........... 
From 50 per cent to 65 per cent.. .......... 
From 65 per cent to 80 per cent. ........... 
Over 80 per cent ........................... 

__- --___ 

state of weather. Standard instruments were used, pmp- 
erly exposed, and in nearly every case the location was 
in the open country, where radiation conditions are good. 

There were 28 nights in tlie spring of 1915 from March 
to June: inclusive, when the conditions were ftbvomble 
for free radiation, nnd while all of the stnt.icm were not 
in operation throughout the entire period them were, at 
the 12 stations, n total of 222 cases when evening and 
morning obsercntions were made wheu the night WM 
clear and coin arntively still. The records were curefully 
tabulated a n i  checked, and I believe tlint the numher 
of observations, the ac.curilcy of the instruments, and the 
good exposure make the conclusions of marked value. 

A careful study was made of the lowering of tho dcw- 
point, the wlation betwee11 tlie stzte of the wenther and 
the depression of tlie 'miniinum temperature below the 
evening dewpoint, rind the relation between the rel:!. tive 
humidlty in the evening and moniiug 4t l iout  priwticnl 
results. 

THE AMOUNT OF MOISTURE IN THE 81'5fOSPIIEltE A ME.i\H- 
URE OF THE VARIATION OF THE MINIMVAf TEMPERA- 
TURE FROM THE EVENING DEWPOINT. 

It wtks found, however, t h i b t  when there wits II relntively 
high percentage of moisture in the atmos liere a t  t.lie 

temperature below the dewpoint was grenter than when 
the moisture content was low. Wliile this was shown in 
both the dewpoint tirtd the relutive humidity, the lntter 
was used in discussing the matter. The evenin relat-ive 
humidity a t  each station on the nights under 8scussioii 
was averaged, as well as the depression of the minimuni 
below the dewpoint, mid the results of the comp:trison 
for all the observations are shown in Table 1. 

TABLE 1.-Mean depreasion of the minimum teniperature below the 
evenina deiuvoint, with stated vCviatl:one of the relntive humidity from 

evening observation, the depression of t P le minimum 

The minimum wl11 be- 

5' ahove the evening dewpolnt. 
Close to the evoninq dewpoint. 
Zo below the evening dewpolnt. 
6' to So below the evemng dewpoint. 
8' to 12' below the evelung dewpoint. 

Mor0 than 25 per above the average.. ........................ 6 
From 21 per cent to 2.5 per cent above the average ................. 
From 16 per cent to 20 per cent above the average... .............. 
From 11 per cent to 15 per rent above the average... .............. 
From 6 ner cent to 10 wr cent above the average .................. 

- 4  
- 3  
-11 
- 3  
-11 

6 

- 3  
- 2  - 1 
- 1  - 1 

0 

Mean 
of mlnl- 

mum 
from 
dew- 
point. 

OF. 
-11.0 
-8.0 
-7.8 
-6.5 

-5.8 

-2.2 
-1.9 
-2.3 
-0.2 +o. 1 
+4.8 

Padatloll 

-a5 

11 - 6 
0 

- 4  
- 6  
- 6  

This waa further summarized and shown by Table 2. 

- 6 -17 0 - 6 -13 0 
- 6  - 5  0 
- 6  -11 + 1  
- 4  4 1 
- 2  3 2 

TABLE Z.-Tablefor eatimting the variation between the eveniag dcirpoini 
and the fohunng minimum ten1 perutccre: on comparatively elcar .?till 
nighid. 

-16 
-15 
-12 
13 

- 4  
-19 

5 
11 

-14 
- 2  
-23 
-28 ........ 

When evpmlng relative humidity is- I The minlmum temperatnre will he- 

- 5  - 5 - 4 - 4 
- 3  
- 3  
- 1  

1 - 1  
I - 1 
1 - 1  

0 

+ 1  I 0 
From 0 per cent to 5 per cent bolow the average... ................ 
From 0 er cent to 10 per cent below the average .................. 
From Jper cent to 15 per cent below the average. ................ 
From 16 per cent to 20 per cent below the average ................. 
From 21 per cent to 25 er cent below the average... .............. 
Ifore than 25 pe.r cent felow the sv erage... ....................... 

In  these calculations the average relative humidit is 

radiation conditions prevailed. It varies for different 
stations from 53 to 74 per cent, and the variation from 
the average was obtained for each station separately. 
The average of all the stations is 64 per cent, therefore as 

basis Table 3 ives the approximate n1easure 

the average a t  each station in the spring of 1915 w x en 

of a workinf the re ation between t a e factors. 

41 
21 
25 
15 
7 
5 

TABLE 3.--dz-a.nqe relation beticeen the cueainy reln!iae humidity and the 
vnrintion of the inildmutn temperatiire from thc ci:eni;zg dewpoint. 

~~ 

More than 26 er cent below the average.. . 
16percentto!5percentbelow theaverage. 
Opercent to 15percent below theaverage.. 
1 er cent to 15 ercent above theaverage.. 
l8pe.r cent to dper cent above the average. 
More than %per cent above the average.. . 

5' hlgher than the dewpoint. 
Just the same ns the dewpoint. 
2' lower than the dewpoint. 
7' lower than the dewpoint. 
8" lower than the dewpolnt. 
1lo1ower than the dewpoint. 

It must be remembered that these values are averages 
and t-hat there will be mor0 or less variation from them, 
but they will enable one to make much closer minimum 
temperature forecasts than can be done by a considera- 
tion of the dewpoint alone. 

Table 4 illustrates in dotail the relation of these two 
factors at a few of the stations. 

TABLE 4.-Relation of the variation of the .minimum temperature from 
the pevioua awning dewpoint to the eventng relutave humiddy at jEve 
statu~ons in 1915. 

I 

-ra - 12 
-11 
-11 
-11 
- 9  
- 9  
- 9  
- 9  
- 8  
- 8  
- 8  
- 8  
- 7  
- 6  
- 6  
- 5  
- 5  
- 4  
- 4  
- 3  
- 3  
- 3  
- 2  
- 2  
- 2  
- 1  
+ 1  

- 
2 

11 
32 

- 3  
10 
l3 
18 
23 
5 
0 
18 
9 
5 

- 1  
5 

-I3 
- 9  

1 
-14 

1 
- 3  

4 - 14 
- 8  
-14 
-11 
- 8  
-15 
-19 

- 

Column I is the variation of the minimum temperature from the 
evening dewpoint. These figures are arranged so that the greatat 
depreasion below the dewpoint is shown at the top of each column 
and the date with the minimum temperature higheat above the dew- 
point at the bottom of the column. 

Column 2 gives the variation of the evening relative humidity from 
the average. The dates are the =me as in column 1, but the date 
are not iven because each station is independent of the others as 
regards c%tes. 

An inspection of Table 4 shows at once that the relative 
humidity figures that are most above tho average at that 
station are rn the up er part of column 2, in connection 
with the figures in GO P umn 1 showin 
sion of the minimum temperature 
point, and that the low 
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- 6  
-18 

- 9  
- 1  
-231 
- 2  
10 

12 
- 6  
14 
14 

20 
17 

11 
11 

-14 
-15 
- 4  

mostly at the bottom of the columns, where the minimum 
temperature is nearest to or even slightly above the 
evening dewpoint. 

CORRELATION. 

To show that there is a close relation between the two 
factors given in Tab13 4, the relative humidity as oh- 
served in the evening has been compared with the depart- 
ure of the minimum temperature observed the following 
morning from the evemng dewpoint at Germantown, 
Ohio, for those ni hts in the spring of 1915 when condi- 

Table 5.  
The method of correlation here employed is one of the 

more simple and has been used quite extensively by the 
author in the comparison of weather factors and crop 
yields.' 

Prof. C. F. Marvin has ublished a discussion of the 

1916, 44551-569. Therefore, it seems unnecessar? to 
give here an extended discussion of the method. 

In explanation of Table 5 it may be stated that column 
R gives the relative-humidity values, and that hertdcd 
Y gives the differenco between the moiving minimum tem- 
perature and the de oint temperat-ure of the preced- 

humidity values from the base number 53, and is the 
departure of the values of Y from the base number - 2 ; 
P and y* explain themselves, as does also mi. 

tions favored ra dg iation. This comparison is given in 

method in the MONTHLY fv EATHER REVIEW, October, 

mg evening. The coumn T 5 is the departure of the 

TABLE B . - C m e l a h  of the relutiue h ~ n i d i t y  as obserrwd in the eoerbiny, 
and fie I esaiorr of .t@ mininiii?i temgtmtwe,  recorded the$olloiuing 
~ m m g , & m  the evm~ng deiupmnt. ata or Oerniuntoiun, Ohio. for 
those data in UM spr ing of 1915, w h m  E ond i t imfuvored  radiation. 

324 
0 0  

D O  
81 
1 aae 
4 

100 

0 0  
144 
36 
198 
196 

400 
269 

0 0  
121 
121 

1 1  
1W 
a 5  
16 

-__._-_ ................. 

- 3  
4 

- 2  
9 

Dab. 

1 1  0 

9 0 
16 --36 
4 2 
81 -m7 

1916. 
mr. 12 ............................__.....I 2 7  

13 .................................I 85 ............................... 27.. 1 %  
Apr. 3 ................................. 

7 ................................. 
13 ................................. 
18 ................................. 
24 ................................. 
1 ................................. 

m y  1 .................................. 
9 .................................. 

10 .................................. 
22. ................................. 
24 .................................. 

6 ................................. June 4 ................................. 

63 
44 
62 
30 
51 
03 

65 
47 
67 
67 

70 

' 53 

73 

4 I 16 

.......... 

-8 

- 
Y 

.F. 
0 
4 

-1 

-5 
2 

-4 
7 
2 

-5 

-4 
-8 
-2 -u 
-7 

-13 
-3 
-S 
-6 
-3 
-4 
1 
10 

-1 
--I 
3 

-65 

-2 

-2.2 

- 

- 

- 

............................... ............................... 
17 ................................. 
la ................................. 
26 ................................. 
26 ................................. 
27 ................................. 
m ................................. 

8- (n-25) ........................... 
~Nm........... .................... 
YIW ................................... 

M 
39 

49 
47 
37 

3s 

- 
1,IM 
- 
63 

52.6 

_- 

~M0NTIZI.Y WEATEES REVIEW, May, 1911, 39: 792-795; February, 1914, 42: 78-93; 
b y ,  1016,43: 22!&2l& 

Substituting the pro er values in the following for- 

Standard deviation of relative humidity, 
multe we get these resu ? ts: 

St ondard deviation of departure of minimum tcmpera- 
tiirF from evening dewpoint,, 

, ....... 

V n  
Ooc.f%ien t4 of correlation, 

...... 

'r= - -  - - = -0.865 

Prohshle error of correlation coefficient., 
1 

E,= k0.6745 -- = f0.03-l 411 
Thtwfrw, 

1' = - 0.865 f 0.034. 
'l'his high vuluc! for indircl.t,es ii v l o w  r.o!ntion bstwoen 

the f:icturs considered. The negative sign of the coeffi- 
cient shows that when the reht.ive Iiuiniclity is high, the 
iniiiiiiium temperature will full the great& aiiiount be- 
low the dewpoint of t,he evening, and tha.t when the 
relative hiiniidity is low, the minimini teinperature will 
be above the dewpoint by the greatest ainount.. 

Similar data for 9 stations in Ohio, 6 st,zt,ions in the 
Walln Walla district of Washington and Oregon, and for 
the cranberry station at  Mntlier, Wis., were discussed in 
the same nitinner and corresponding rorrqlation coefii- 
cients computed. The results are ~uimnnnzed in Tablr. 
8 hereunder. 

I -0.439 I * a m  
-0.2365 I f0.w 

Green HI11 dhio. .................................... _ _ I  
Wooster, dhio.. ....................................... -a 7 m  *o.o:s 

........................................... Clyde, Ohlo. 
Germantown Ohlo ..................................... 

Warren Ohio ........................................... 25 -0.694 *0.071 
Rorahei. Ohlo. ......................................... 11 I -0.743 I fO. 135 

1 -O.:W 1 *o. 160 

....................................... -0.715 
Jackson biariettd, Ohlo Ohio. ........................................... .: p j  - o . m l  S : X  
DelawS;e, OMO.. ...................................... 2s -0.ssY f O . 1 2 4  

OHIO. 

WallaWalle Wash .................................... 
Kcnnewlck hash ...................................... 

-0. ti4i Hlslock Whsh ......................................... i 
%udel$ Wash ........................................ -0.572 
Hermist& Oreg. ..................................... -0.494 
Milton, or&. .......................................... 

WASEWfJTON AND OREQON.. .................... 
............................................. bfather, Wls 23 I -as11 

-_ ~ j 3;1-.- -0.552 .................................... i For all 16 stslions.. 
- .. .- _ ... _. ................. - ..... - ............. - -. . - ....... 

f0.  027 

fO. 161 
f0.137 

fO.  183 
*O. lis 

aa 101 

f 0 . m  

f0.  047 

rto. 104 

*os 025 

- 
... _. . 

The correlation coefficient shows rl, high value, With 
few exceptions, and strongly indicates a linear relation 
existing between the two fmtors considered. The mean 
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tute for R the relative humidity as observed on the 
evening of March 12 given in Table 7. The formula 
now becomes: 

Y = 18.314 - 0.3'3 X 47 = - 0.02 
which indicates that there will be ractically no differ- 
enco between the dewpoint, %'#., observed on the 
evening of March 12, and the minimum t,emperatut.e 
recorded on the morning of March 13. The tempern- 
ture actually recorded was 23°F. 

A ain fur the case of May 1, we substitute the value 
of t E e evenine relative humidity, 50%, in the formula 
and now get tks result: 

Y=18.314-0.3'3 X53= - 2.4, 
indicating that the minimum temperrtturo on the morn- 
ing of May 2 should he 2.4 degrees lower than the dew- 
point on the evenin The actual 

of t g e estimate. 
There is no instance in Table 7 where the value of Y 

tis obtained from t-he Iormula varies more t-hnn 6 degrees 
from the actual or recorded value, and a. careful inves- 
tigation \n.oudd probably reveal dhe r  factors not con- 
sidered t h t  caused the diacrepanc?-, wlien t.he variation 
was so great.. 

of May 1, or 3!!.G*. 
tam erat.ure recorcle a was 3s' I?., nr within 2.6 degrees 

I, I ABLE 8.- --Ercic.irr.g rulalier /wii!idi/!u, ti. t c r d  f l i t .  vriiiatiuir of the n t C i -  
MI im 1cnnpe:wlrrre oj' the , j i ~ l l ~ w i ~ ~ . ~  iitorni)i.r/ J w i i ,  tlrr ercniny dewpoinl. 
Y, at Iielart w e .  Ohio, Jor t1rn.w iiui(((m iib x p r  h y  <!f 19l.j. uh-n cmdi- 

t iow favored radiation. 

correlation coefficient for the 360 observations, embrac- 
ing all 16 stations, is -0.552f0.035, so thhst r iq here 
about 28 thes as great as E,. 

METHOD OF LEAST SQVARRR. 

While the above correlations show B close relation 
between the factors, the practkal use of the inforination 

robably be best. obtained by H linear equation 
deve can P oped by t.he method nf least squtirea~ 

'rbBLE 7.-Erenin!j relalitie / i ~ ~ i i i i d i / ! y .  It', t r f r d  Ihr r'cir'ifllion (9 lire mini- 
mum tainpernlwe of the foliiwiiig inominy fronx Ihc el-eiiing & t i p i n t .  
Y. at Germantown, Ohio, for I I w w  dtitm in t h r .  sprintt qi 1 ~ 1 . 5  i r h c i ~  

. .  

R1- Dates. / R ;  
I I 

3' 

OF. 
0 

-t 4 
- I  

- 5  
+ 2  
- - I  
+ 7  
f ?  
- 5  

- 4  
- - s  
- 2  
-12 - 

- 13 
- 3  
- 5  
- 6  
- 3  
- 4  
+ I  
+1U 
- I  
- 1  
+ B  

1915. % ' c  
Mar. 12 ...................... 1 47 j 

13 ...................... 35 
rr ...................... I 53 i 

Apr. 3 ...................... 53 
7 ...................... 

13 ...................... B:' 
18 ...................... 3u 
24 ...................... 
25.. .................... 

Hay 1 ...................... I s... ................... 05 . 22 ...................... 
June 4 ...................... i 73 

10 ...................... 
!U ...................... 67 . 

. 
5 ...................... ! 7n . 
9 ...................... ; 53 . 

15 ................... .._I 

16. ..................... 
17 ...................... 54 
23 ...................... 39 
24 ...................... 38 
25 ...................... 19 
24. ..................... 47 I 

a7 ...................... 37 . 
1.311 = XR ; 

' E I 

Sums (w-n) ................ 
.......... __ .......... 

- . . . . . . . . .  - ........ -. ..... 

Dater. 
. . . . . . . . . . .  

1 .  
R !  Y i  B s  

. - .  1. BY 
, .... - ..... 
I 
I -201 

-2a5 ! -390 
~ -285 : -102 
~ + 4 2  
, - -do  
; -584 

-584 

-370 
-180 
-657 
-455 
-936 
-814 

-9vn 
-146 
-648 
-m 
-64s. 
-030 -m 
-284 
-a00 
-512 
-770 

-142 I -213 
I 

-la.476=ZRY 

I . I .  ... . .  

4 489 
5'041 
5:041 

3 249 
I' 225 
ab49 
2 801 
1:764 
3 6 0 0  
5: 3.29 
5,311 

5,476 
3 Buu 
5'3211 
4) w 
6'0% 
a: im 
e, 100 
5,329 
5,184 
3880 
5: 1M 
4 m  
4'761 

5: 625 
4098 

5'041 

4: 800 

1915. 
Mar. 12 ....................... 

13 ....................... 
27. ..................... ~ 

9% OF 
67 - 3  
71 - 2  
71 - :j 

I 

Apr. 3 ...................... ! 
7 ....................... 

13 ...................... 
14.... .................. 
17 ...................... 
18... .................. 
21.. .................... 
26.. .................... 

May 1 ...................... ~ 

9 ...................... : 
10 ...................... 
22 ....................... 
2k ..................... .! 

June 4 ...................... i 
9 ...................... b 

15 
16 
17 ...................... 
23 
24.. 
25.. 
16 
37 ...................... 

J ...................... 

5 ...................... 1 
...................... ...................... i ...................... .................... .................... ...................... I I 

57 _- 
Bi - G  
17 - 5  
51 - 2  
42 1 
Bl 
73 
73 

In  Table 7 the method of least squares as ex lained 
by Prof. C!. F. Marvin in the NONTHLT WEATHER 34) EVIEW 
floc. cit.), is emplo ed to dotelmine the relation botweeeri 

temperature of the following mornmg. Therefore, all 
tshat seems necessa in explanation of this table is to 
repeat the formuls 7 or obtaining the vnliies of n and 11, 
in the general equation 

?J = n + b  
which here may be written 

Y- a.+bR. (1 ) 

!,he relative humi (9 ity of the evening and the minimum 
- - I  
- - R  
- 8  

- s  
- 3  
- 9  
- 7  
-12 
-11 

- 11 
- 2  
- 9  
- - x  
- 9  
- 9  
-12 

74 
60 
73 
C J  
7s 
71 

MI 
73 
72 
I 
72 
711 . .~ ..̂ w 
71 I - - I  
7.5 - 4  
64 . - 8  
70 j -11 

sums(%--n) ................ I 1 , w - z ~  I 
- I -176--J 

A similar discussiorz of the observations a t  Delaware, 
Ohio, is presented in Table 8. The value of b is found to 
be -0.235, and of a to be 9.66. The equation for Dela- 
ware then becomes : 

Y 9.66 - 0.235R 
Application of this equation to each date in the spring of 
1915 when conditions favored radiation a t  Delaware 
Ohio, showed that in no instance did the computed 
minimum temperature vary from the actual b more 
than 5 degrees. As stated in connection with d ermsn- 
town and Table 7, it is possible that a more careful in- 

therefore, 

y = Y = a+bR = 18.314-0.39R. 

SinceR is the relative humidity in the evening, and Y 
is the departure of the minimum temperature the fol- 
lowing morning from the evening de oint, it becomes a 
simple matter to insert the value for 3 and to compute 
the value for Y, which becomes the probable de arture 

lowing morning from the evening dewpoint. As an 
example of the application of formula (1) let us aubsti- 

of the minimum temperature to be expected t B e fol- 
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-- ...... ._ - ........ 
Station. 

- -. .... . -- _. ............ 

.......................................... .................................... ....................................... ......................................... ....................................... ......................................... 
........................................ ...................................... 

Wash.. .................................. 
Gardena, vpaah.. ...................................... 
Bhlo~k Wash ......................................... nermisbn, or eg... .................................... 
L[flton, ow.. ......................................... 
Msther, Wh. .......................................... 

E%e?a%ash ..................................... 

. .  ... ... .- - - .- ...... - ... - 

TABLE.lO.-Minimum tcmpGmtutc edtimateS for Germunbwn, Ohio, whm 
axn&hna favored radiatwn, Using hy.qro+rk mculod, night-tempera- 
Lure range, and a combanahon of both, unth corresponding errors. 

............ 

e - 
10.149 

0.670 
14.l i5 
12.786 
I?. 573 
la. 135 
5.37 
9.60 

12,313 
9 . 5 8  
1.802 

22.615 
20. ;ti3 
11.816 

Pagg 

18.31! 

...... - - . 

vestigation of these dates when the variation was so 
great would reveal other contributing factors that have 
not been taken into account. 

There arise the uestions (1) whether one may not 

applicable to all stations; (2) whether the equation for 
one station ma be applied to another with favorable 
 result^. If suc z is the case, by substituting a constant 
value for R in each e uation, the resultant values for Y 
should be identical. %his was done, 50 being used as the 
constant R. In Table 9 is given the resulting values for 
P whose dissimilarities indicate that these stations pre- 
sent an individual problem in each case. However, it is 
believed that further study over a longer period of time 
will establish equations a plicable to stations with 
similar topograpluc surroundhgs, and at t.he same seamn 
of the pear. 

TABLE 9.-Values of a and b at .cmrims s l a t h a ,  ajzd vulum oJY, deter 
mined by Wing 50 per cent ns a constant value for R in eqiurtzon ( I ) .  

determine for a m 2 b values that will be constant and 

-0.189 
-0.39 
-0.108 
-0.289 
-0.231 
-0.261 
-0.332 
-0.196 
-0.235 

-0.221 
-0.246 
-0.071 
-0.484 
-0. bi3 
-0.226 

-0.226 
........ -. 

.. 
1- 

+O. 7 
-1.2 
-4. i 
-0.3 
+1.2 
+2.5 
-4.5 
-4.4 
-2.1 

+1.3 

- I . ,  
-1.6 
- - i .9  
+O. 5 

-1.4 

--. 

-2.2 

The values of a and b in this table may be of benefit 
to any who are interested in carrying this subject farther, 
and who are interested in the hygrometric niethod of 
tem erature estimates. 

cpoplbpat.iaon of the hygrometric e ion, the n@ht tern 

that this hygrometric equation, as developed y the 
method of leaat squares, ma have its limtations and 

least during these experimental stages-a comparison of 
the results obtained by its use, with those secured by the 
use of the night temperature range, and by an average 

' between the two methods was made. The comparison 
a pears in Table 10, which checks the computed agttinst 

It will be noted of the 25 cases, that in 20 of theni the 
computed minimum was within 3 degrees of the minimum 
recorded, usin the hygrometric method; 13 times as 

21 times b the average of t f e  two. &ce the minimum 

low and once 4 degrees too high. Three times by the 
it-range method i t  was 6 degrees too low, and once 

ni% 7 egrees too high. Twice by the average of the two it 
was 6 degrees too low and once 5 degrees too high. 

It is interestin to note that there is a marked agree- 
ment between e minimum estimated by the hy ro- 
metric equation and the actual on those dates when rost 
temperatures occurred, and that the greater departures 
occurred when the temperature to be expected was not of 
80 much economic importance. This was not true in 
the temperature-range method.s 

!? percctzlre range,  and these two in corn g"t i&n.--lteco izing 

that too much weight sho u? d not be givenits use-at 

t f e actually recorded minima. 

estimated by t a e night-tern erature-range method; and 

estimated % y the hygrometric equation was 6 degrees too 

? t% 

a T b  m t  hm -hd Is probbly a accialentalo~&--C. F. &A. 

I /iY-o+bJ 
i 

1915. 1 OF. ...... 
14. .... 

Apr. 4 . .  _.. 
8. . . . .  

14. .... 
19. .... ... s 2  

SB 
25.. 
26. .... 

10. .... 34 3.5 

n... .. 45 ! 49 
25..-.., 49 I 48 

23 

Map 2.  j .... 38 

11. .... 40 ! 42 

.... 
IO.. ... 
IS... .. 
17.. ... 
It?. .... a..... 

. . . . . . . . . . . . . . . . . . . . .  

53 
55 
46 
49 
SI 
58 
45 
2 
z 

.. .- 

..... 

0 F. 
18 

+3 16 

+I 48 
-4 59 
-1 N) 

r: 1 E 
34 

- 

EllW 
by thls 
method. 

OF. 
-S 
-6 

-4 
-1 
-3 
+4 
+3 
+3 

-4 
f 5  
+1 
+7 
+1 

-4 
-6 

0 
+1 
-1 

0 
+4 
-6 
+2 
+1 
+5 

-a 

... .. 

- -- 
Esti- 

mated 
from 

mean of 
Erst two 
nethods. 

--- 

OF. 
20 
26 
20 

20 
39 
30 
46 
58 
58 
37 
37 
42 
50 
49 

5u 
55 
44 
50 
52 
58 
46 
53 
56 
58 
57 

...... - 

Error 
by thts 
method. 

-- 
OF. 

-3 
0 

-4 

0 
-1 
-1 
+2 

0 
+1 

-1 
i-3 
+2 
4.5 

0 

0 
-6 
t.1 

0 
-3 
+l 
-1.3 
-6 
4-1 
t-1 
t-3 

- ...... 

Table 11 resents, €or Delaware, Ohio, a similar com - 
median-temperature hour. In this table the minimum 
estimated from the mean of the three methods, hygro- 
ruetiic, night-temperature range, and median-hour, is 
given ui the last two columns. 
TABLE 11 .--Yiidmiriii lciiiperatiire dimate8 f i r  Delaware, Ohio, on dutex 

in spring of 1915 whcn cotzdilimts fatlored &diniion, using hygrometric,, 
~i iyht- te inpcral i ir~-r~?~ge.  nLedinit-tc.ttipernhcrc-~?Ir' mtthoL, and .!hi 
inecin of thew threc. 

parison of t R e preceding methods, but adds that of the 

_.  

Dates. 

.. - 
1915. 

Mar. 13 
14 

Apr. 4 
8 

14 
15 
18 
19 
25 
26 

6 
10 
I1 
23 
25 

June 5 
6 

10 
16 
17 
18 
24 
25 
26 
47 
28 

m 

May 2 

..... __ .............. 

17 ! 

27 

+l i; 

-1 ! 
$1 II 
+l I! 

0 ,  +A j 
-3 

12 
33 
27 
31 
34 
44 
58 
P 

43 w 
41 
4s 
51 
56 
41 
51 
50 
52 
55 
- 

-_ 
"F. 
-4 
-3 
-8 

-4 
+5 
+2 
+6 
+6 
+4 
+4 
+7 

+2 
-5 
-4 
+5 
4-4 
+1 

__ _- 
OF. 

+4 

-1 I 
+2 I 
7: i 
+3 I 

....... 1 

OF. 
14 
20 
17 

16 
30 

a9 
30 
39 
67 
57 

35 
37 
3v 
37 

m 

z 
50 
49 
42 

55 
43 
-50 
55 
52 
55 

3 

- 1 1  i II - 

OF. 
-3 
-3 
-5 

0 
+2 
+3 
$4 
+2 
-1 
+a 
+a 
-1 
-1 
-1 
+2 
+3 
+2 

0 
+3 
+2 
+I 
+2 
+3 
-2 
-3 
+3 
+a 

-a 
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It will be noted that at Delaware the estimated mini- 
mum by the hygrometric method was within 3 degrees 
of the actual 22 times out of the 25 cases, and was 5 
degrees too low twice and 5 de rees too high once. Using 

3 degrees of the actual 13 times out of the 28 cases, was 
once 9 degrees too low, and once 7 degrees too high. In 
26 cases usin the median-temperature met.hod, 18 times 

being 6 degrees too hioh, and once 3 degrees too low. 
By usino the mean of sese three computations we find 
that in h e  28 cases considered the computed was within 
3 degrees of the actual 26 times, and that it was once 
5 degrees too low and once 4 degrees too high. 

the temperaturnrange metho d the estimate was within 

the estimat.e f was within 3 degrees of the actual, twice 

CONCLUSIONS. 

It seems robable that formulae may be repared by 

eter observations that will permit the makin of very 

tion conditions at any specified oint, and further that 

rules that w18 be widely applicable to places under 
simiiar top0 raphic and atmospheric surroundings. The 

the fact that the dewpoint and relative humidity observa- 
tions may apparently be made at any convenient hour 
in the late afternoon or early evening. After the observa- 
tions have been reduced, and the values of cb and b 
determined, it is then very easy to determine the varia- 
tion of the minimum temperature from the evening dew- 
point by the formula 

Y = u + b R  
in which El is the relative humidity at  the evening observa- 
tion and Y the robable variation of the minimum 

two years' t R ermograph records and whirle B psychrom- 

accurate minimum temperature forecasts un I f  er radia- 

longer carefull made records w 8 permit of establishing 

method of E ygrometric equation has an advantage in 

temperature from t 1 e evening dewpoint. 

HISTORICAL NOTE. 

By CKARLE~ F. MASVIIV, Chief of Bureau. 

The subject matter of this paper, as regards the pre- 
diction of minimum temperatures by moans of the so- 
called median temperature and also the method based 
on the evenin dew oint and relative humidity, was 

August 14, 1915. Publication was eferred a t  that 
time because of scantiness of certain data bearing on the 
question of the change in dewpoint throughout the 
night, and from other considerations. This lack of data 
has since been removed and tho conclusions of the 
ori 'nal paper are herein now seen to be full confirmed. 

as 1910 Charles A. Donnel, in analyzing certain s ecial 
observations made at Boise under the direction of E B ward 
L. Wells, for the purpose of predicting minimum tem er- 
atures, noticed that when the evening relative hum& y 
was about 55 per cent, the minimum temperature was 
about the same as the evening dew oint. Subsequently, 

Oreg., dated August 9, 1912, stnted the relation Donriel 
had pointed out in the following equation: 
H= expected minimum temperature, at orchard level. 
D = dewpoint at  8 p. m., at orchard level. 
R ~ r e l a t i v e  humidity, at 8 p. m., at orchard level. 

fully presente f 3  by rof. Smith in a a a p e r  submitted 

fttention is called to the circumstance t 1 at as early 

M i .  Wells in a personal report to &I? r. Beds, at  Portland, 

Then. 
R-45 Y = D - -  

5 
This matter was briefly alluded to b Mr. Beale in his 

pa e 17.' 
buring 1917 Floyd D.Young, detailed from the Portland, 

Or ., station to manage the spring frost warning service 
atxedford,  Oreg., reported at  some length on his 
utilization of the Donnel relation in that work. Mr. 
W. G. Reed, also engaged in frost protection investiga- 
tions at Medford, Oreg., and familiar in a general way 
with Prof. Smith's investi ations, has dso studied the 

metric state and the minimum tempera- 

It is interesting to observe the close similarity be- 
tween the entirely independent investigations of Donnel 
and Wells on the one hand and Prof. Smith on the other. 
The mathematical identity of the t-wo equations employed 
is easily shown. 

Let M- morning minimum tem erature. 
Let D = evening dewpoint and I!= relative humidity. 

bulletin ' I  Forecasting Frost in the Nort 5 Pacific States," I 

utility and application o ! this relation between the 

evenin? ture o the h y Y O  ollowing morning. 

' 

IrONNEL. SMITH. 

Y=difference between minimum 1 and dewpoint=Y-D. 

in which n,, 1 are two ili1mhem ' K-evening re]. humidity. a and 
deduced from Rtlidy of data. I - h am two conatants depend- 

ing on the data. 
Jf -D = 5 - 2 R 1 Y= u-bR. 

n , %  
IKt. n 1 : Thu computations &ow that the 

n , n ,  
Y - D =  Y, - =b .  , valiiea of b are negative. 

THE LOWEST AIB TEMPERATUBE AT A HETEOBOLOGICAL 
STATION. 

While works on meteorology generailly agree in stating 
that the lowest temperature ever observed at a meteoro- 
logicnl station (not including upper-air observations) was 
recorded o,t Verldingnnsk, Sibenat, the value of the read- 
irig ~ i c l  the date of ~ W I I P T ~ I ~ C . ~  hihve bee11 variously 
stnted. The following letter on this subject is in reply 
to one acldrcsaed to the k t c  Prince Boris Gnlitzin (Rus- 
sian. Goli ty-n), director of the Nicholnr Centrd Physical 
Observu.tory, Petmgmcl. The reference in the last pnra- 
graph is to Prof. A. Voeikor's "Meteomlogin." St. 
Petemburg? 1910, .p. 73, where the a.hPo1ut.e minimum 
t7.t Verkliogansk IS given as - 72OC.---/'. F. Tu.hn.nn, 
Libra r Ea n . 

I'rof. (.'. I?. MARVIN. 

OBSERVATOIHE PHYSIQll E ENTRAL NICOLAS, 
Psfropud, DM. 2. 1916. 

Chief lliathtr B~ITKUU. 
Tikihiiagtmk, 1). C. 

LJEAR SIR: In mmver to your letter [of October 1915, al)out the 
lowest temperature of air in VerkhoyanaL, I can refer you to That 
Followe: 

The low& tempurat,ure W:IS noticed t?v the oboerwr at Verkho 
:msk t,he 5th and 7th of Febrnary, 1892. ' h e  olwervations m-ere m d i  
hy means of the alcohol thermometer Muller So. 81": t.he direct read- 
ing on thi3 thermometer WBB --Io c'. - 90Ao P.].Thia thermometer, 
Yo. 81*, was verified in the Central h-- hysical Observatory, hut only 

4 Be&, E. A .  Foreeaqtl frost in the North Pacific States. Washington, 1912. [l2 
@.I, 49 p. IIo. t W ~ t h ~ ~ ~ - I l  Bull. 41.) (W. B. No. 473.) 


